Objective: Simple, cost-effective and convenient instruments like food groupbased scores are proposed to assess micronutrient adequacy of children in developing countries. We assessed the predictive ability and seasonal stability of a dietary diversity score (DDS) to indicate dietary quality of infants. Design: A 24 h dietary recall assessment was carried out on a sample of 320 and 312 breast-fed infants aged 6-12 months during harvest (HS) and pre-harvest (PHS) seasons, respectively, in Ethiopia. DDS was calculated based on seven food groups, while mean micronutrient density adequacy (MMDA) was calculated for eight micronutrients. Multiple linear regression models were used to assess the relationship between DDS and MMDA, and differences in nutrient intake between the two seasons. A receiver-operating characteristic curve analysis was performed to derive DDS cut-offs that maximized sensitivity and specificity of assessing dietary quality. Setting: The study was conducted in the catchment of the Gilgel Gibe Field Research Centre of Jimma University, south-west Ethiopia. Results: The mean (SD) DDS for HS and PHS was 2·1 (0·94) and 2·3 (1·1), respectively. The DDS was associated with MMDA (β = 0·045, P < 0·0001 in HS; β = 0·044, P < 0001 in PHS). A DDS of ≤2 food groups best predicted 'low' MMDA (<50 %) with 84 % and 92 % sensitivity, 36 % and 43 % specificity, and 47 % and 51 % correct classification for the HS and PHS, respectively. Conclusions: DDS is predictive of dietary quality of breast-fed infants. The study supports the use of DDS to indicate inadequate intakes of micronutrients by breast-fed infants in different seasons.
Ethiopia has one of the highest rates of child malnutrition (1) . The nutritional status is influenced by many interrelated factors (2) . Among others, Ca, Zn, Fe, vitamin A and iodine deficiencies are common in Ethiopia, and have been attributed to low intake and low bioavailability (1, (3) (4) (5) . Moreover, the monotonous consumption of staple foods in complementary feeding fails to meet the daily requirements of infants and young children (6, 7) . The assessment of nutritional status has been limited to anthropometry due to the time-and personnel-consuming nature of dietary assessments (8) . As a result, an intake assessment of nutrients, single food items or a combination of foods to predict the risk of one or more health-related problems has emerged as an alternative approach to actual quantification of nutrient intakes (9) .
However, the problem of diagnostic ability of several dietary indices to predict health outcomes, dietary quality or nutritional status has not been resolved for some reasons (9) . The dietary diversity score (DDS) is a simple indicator of dietary diversity and is based on measuring the number of food groups consumed over a given reference period. A higher dietary diversity is associated with an adequate intake of essential micronutrients. The score has been shown to be associated with nutrient density (10, 11) and nutrient adequacy (12, 13) in breast-fed and non-breast-fed children. To date, only one study has looked into the stability of a summary child feeding index (of which DDS is a component) and its association with child growth over different time points (14) . As the seasonal influence on dietary intake and nutrient density of local foods was demonstrated to be substantial, seasonal differences can be expected to affect the validity of simple dietary indices to predict dietary quality (15) . To our knowledge, there is no study that has assessed the validity of DDS using quantitative dietary intake data collected from breast-fed children aged 6-12 months in two distinct seasons. The aim of the present study was therefore to determine how seasonality affects the validity of a DDS in predicting nutrient adequacy of complementary foods for breast-fed infants in south-west Ethiopia. We also identified an appropriate cut-off to predict 'low' or 'higher' dietary quality and assessed differences between seasons.
Methods and participants
Sampling and design A census of all infants aged 6-12 months was carried out within the Gilgel Gibe Field Research Center of Jimma University (south-west Ethiopia). Infants aged 6-12 months and born in the Gilgel Gibe Field Research Center, who had a biological mother or female caregiver, who presented no serious illness or malformation affecting anthropometric measurement and had no intention of leaving the area in the coming 6 months were listed. This procedure was applied in two seasons: during harvest season (HS) from October to December 2009 and pre-harvest season (PHS) from June to August 2010. A total of 320 and 312 eligible infants were included in the HS and PHS, respectively.
Study setting
The study was conducted in nine kebeles (smaller government unit) of the catchment area of Gilgel Gibe Field Research Center of Jimma University, south-west Ethiopia. The total population within the area in 2011 was 54 528, of whom 15 719 (28·8 %) were located in urban and 38 809 (71·2 %) in rural communities. The main source of income for the community is farming and raising livestock. Maize, sorghum and teff (a species of Eragrostis native to Ethiopia) are commonly grown food crops in the area. Food consumption patterns of the population are expected to be different based on the differences in food availability in the two seasons.
Data collection
We used pre-tested interviewer-administered questionnaires to collect data on socio-economic and demographic characteristics and infant feeding practices. Questions were adapted from Demographic and Health Survey questionnaires (16) and the WHO guideline for the assessment of infant and young child feeding (17) . We collected dietary intake data using a multiple-pass 24 h recall questionnaire adapted for commonly consumed foods in the study area (18) . Data collectors were fluent in local languages (Amharic and Afan Oromo) and received a 5 d intensive training from the principal investigators.
Dietary intake assessment
Two 24 h recalls of the infants' diet were conducted in each season. Compared with a weighed record method, the interactive 24 h recall method is less expensive and burdensome for the respondents. Spoons and graduated bowls were provided to mothers/ caregivers weeks before the interview. They were told to use them during the coming weeks. Instructions were provided on how to estimate the portion sizes consumed by their infant using the utensils provided and prestandardized household measures. Two sources of recipe data were used to convert composite dishes to ingredients. First, we collected recipe data of common composite dishes by asking five mothers to prepare them. For this purpose, ingredients were weighed using scales during the preparation. Second, we used averaged recipe data that were available from the Ethiopian traditional recipe table (19) . During the 24 h recall we assessed the recipe qualitatively and matched it with the best available recipe. Foods that come in discrete units were recalled and converted into weights by using conversion lists that were compiled from weighing all such foods. A 1 g precision laboratory scale (Ohaus Corp., USA) was used to record weights for the different sizes of household measures, bowls and spoons provided to the mothers or caregivers.
During the interview, mothers were requested to show the type and amount of foods the infant had consumed in the last 24 h. A pre-recorded conversion table was used that converted volumetric estimations of gruels and porridges to weight equivalents according to three reported consistencies (thin, medium and stiff). All days of the week were represented in the final sample in order to offset day-of-the-week effects on food or nutrient intakes. The two 24 h dietary recalls were separated by ±15 d in both seasons.
Food composition data were obtained from various sources. Values for energy and water-soluble vitamins were compiled from the Ethiopian food composition table and the FAO food composition table for Africa (20) (21) (22) . Some missing foods and nutrient values were obtained from an analysis paper (6) , the food tables for East Africa (23) and the US Department of Agriculture (24) . Missing nutrient values were imputed using the formula of Gibson and Ferguson (18) . We were only able to use retinol and trans-β-carotene concentrations to calculate the vitamin A activity due to the lack of data on other carotenoids (25) . We used the Lucille food intake program (26) to enter consumed foods and calculate corresponding nutrient values.
Dietary diversity score and micronutrient density adequacy Food group consumption was recalled separately during the second day of the 24 h dietary recall using the food group classification suggested by Dewey et al. (11) . The DDS was obtained by summing the number of food groups consumed in the previous 24 h by the infant. The following seven food groups were included: (i) grains, roots and tubers; (ii) legumes and nuts; (iii) dairy products; (iv) flesh foods; (v) eggs; (vi) vitamin A-rich fruits and vegetables (>130 retinol equivalents/100 g); and (vii) other fruits and vegetables. As recommended in the WHO infant and young child feeding practices measurement guide (27) , fats and oils were not used in the analyses. To validate the DDS, we used the average of 2 d micronutrient intakes from complementary foods to calculate the micronutrient density adequacy (MDA) scores as proposed by Dewey et al. (11) . MDA of complementary foods was calculated based on nutrient density (per 418 kJ/100 kcal) rather than absolute nutrient intake, in order to account for the unknown variability in breast milk intake. Micronutrient densities per 418 kJ/100 kcal of complementary foods were calculated for two age categories (6-8 months and 9-12 months) and were compared with estimated desired nutrient densities. The desired nutrient densities were calculated for each nutrient using equation (1) as suggested by Dewey et al. (11) :
Desired nutrient density of complementary foods for nutrient x = ½RNI of nutrient x À ðconcentration of nutrient x in breast milk 'average' breast milk intake volumeÞ= energy needed from complementary foods when breast milk intake is 'average' 100:
Eight micronutrients (vitamins A and C, thiamin, riboflavin, niacin, Fe, Ca and Zn) were used for the calculation of MDA. The contribution to the overall nutrient intake by breast milk was subtracted from the Recommended Nutrient Intake (RNI) of each micronutrient to obtain the required amount from complementary foods for all breastfed children. We assumed an 'average' breast milk intake of 674 and 616 g/d for 6-8-and 9-12-month-old infants, respectively, and we used the breast milk concentration of each micronutrient as documented by WHO (28) . The RNI values of vitamins were taken from WHO/FAO (29) . Bioavailability assumptions were made for Ca, Fe and Zn in order to compare nutrient intakes and requirements. For Ca, Fe and Zn, 'absorbed' recommended amount was the basis for the calculation. For our analysis, 30 % and 10 % of the recommended intake of Ca and Fe in complementary foods were assumed absorbed, respectively (11) . Following international recommendations, 15 % bioavailability was assumed for Zn from low-bioavailability foods (30) . The percentage of Ca and Fe absorbed from breast milk was estimated at 30 % (31) and 20 % (32) , respectively, while the percentage of Zn absorbed from breast milk was estimated at 50 % (33) . The estimated daily energy requirements from complementary foods, assuming 'average' breast milk intake, were 845 kJ (202 kcal) at 6-8 months and 1284 kJ (307 kcal) at 9-11 months (25) . After determining the desired nutrient density for each of the eight nutrients, the MDA score per 418 kJ/100 kcal of complementary foods was calculated using equation (2) as the percentage of the desired nutrient density fulfilled by the complementary foods of breast-fed infants aged 6-8 and 9-12 months:
MDA for nutrient x = f½ðintake of nutrient x= complementary food energy intakeÞ 100=desired nutrient densityg 100: ð2Þ
The mean of the individual MDA values was calculated to give mean micronutrient density adequacy (MMDA), which was then capped at 100 %. We evaluated the sample's MMDA using two arbitrary cut-offs, used previously (10, 11) to assess dietary quality: MMDA < 50 % and MMDA ≥ 75 %, representing 'low' and 'higher' dietary quality, respectively.
We compared the observed nutrient intakes with the desired nutrient intakes from complementary foods assuming every child had an 'average' breast milk intake (g/d) as proposed by WHO for each age group (28) . This time the desired nutrient density per 418 kJ/100 kcal of complementary food was not calculated.
We assessed the contribution of the seven complementary food groups to the mean daily intakes of energy, protein, fat and micronutrients calculated from the two 24 h dietary recalls and disaggregated by season to understand which groups were responsible for the intakes of energy and micronutrients by the target infants. This provides additional information on the pattern of food group contributions to nutrient intakes.
Anthropometry
Anthropometric measurements were standardized through repetitive exercises. Recumbent length was measured on an infant measuring board and recorded to the nearest 0·1 cm (SECA 210, Hamburg, Germany). Weight of the infant was measured naked or with very light clothes using mother-child digital scales and recorded to the nearest 0·1 kg (SECA Uniscale). Age was recorded from birth certificates or immunization cards as often as possible. If the age was absent, local events calendars were used to help the mother or caregiver estimate the approximate age of the child. Most of the anthropometric data collectors used in the HS were available for anthropometric measurement in the PHS after 5-6 months.
Data analysis
The anthropometric measures were converted into Z-scores of weight-for-age (WAZ), length-for-age (LAZ) and weightfor-length (WLZ) based on the WHO 2006 growth reference (34) . Underweight, wasting and stunting were defined as WAZ < −2, WLZ < −2 and LAZ < −2, respectively. Severe underweight, wasting and stunting were defined as WAZ < −3, WLZ < −3 and LAZ < −3, respectively.
We constructed an asset-based proxy to estimate the socio-economic status of the included households. Items included were ownership of cattle, house construction materials, land (homestead, land under cultivation, fallow land) and ownership of other household assets. For household assets, categories for each item were 'owned' and 'not owned' by the household. The first principal component (56 % of the variance) from a principal components analysis was divided in tertiles and used as a proxy for socio-economic status (35) . Descriptive analyses were conducted for sociodemographic data, nutritional status and percentage of the study population consuming each food group in relation to dietary diversity stratified by season. Means and standard deviations were reported for continuous data that were normally distributed. Differences in means were statistically tested using a Student t test, while a χ 2 test was used to compare categorical variables. As most distributions of nutrient intake data were skewed, we first presented median intakes and interquartile ranges by season for descriptive purposes. Second, we used multiple linear regression models to compare the mean energy and nutrient intakes by season, adjusting for significant differences in characteristics between the two seasons (HS and PHS).
We looked at bivariate associations between child, caregiver, household characteristics and MMDA using simple linear regression models. Every variable with a modest association (P < 0·20) was a candidate to be included in the multivariate analysis. A full model assessing the relationship between DDS and MMDA was compiled after which non-significant variables were removed by a backward procedure using a likelihood ratio test (P < 0·05).
We determined cut-offs in terms of number of food groups at which we could classify infants at a reasonable MMDA with sufficient sensitivity and acceptable specificity. Hence, the performance of the DDS to indicate dietary quality was evaluated by a receiver-operating characteristic curve analysis. The area under the curve (AUC) represents the probability of the DDS as an indicator of dietary quality. An AUC above 0·50 indicates prediction of dietary quality by the DDS; the higher the AUC value of a dietary diversity indicator, the better the prediction.
Based on previous analysis (10, 11) , sensitivity and specificity stratified by season were determined to compare the performance of the DDS in correctly differentiating cases with MMDA <50 % ('low' MMDA) or ≥75 % ('higher' MMDA) for infants 6-8 and 9-12 months of age. When using the DDS to predict 'low' MMDA, the sensitivity indicates the fraction of infants who are correctly classified as having 'low' MMDA; whereas the specificity indicates the fraction of infants who are above the cut-off for 'low' MMDA and are correctly classified as such by the DDS. For 'higher' MMDA, the sensitivity indicates the fraction of infants who are correctly classified as having 'higher' MMDA, whereas the specificity refers to the fraction of infants who are below the cut-off for 'higher MMDA' and are correctly classified as such by the DDS. Data were analysed with the statistical software package Stata version 12·0. Statistical significance was set at 5 % and all tests were two-sided.
Results
Data were collected from 320 and 312 infants during HS and PHS, respectively. A total of forty-five infants (twentyfour in HS and twenty-one in PHS), for whom MMDA could not be calculated, were excluded from analyses. Of these forty-five, there were fifteen infants (ten in HS and five in PHS) from whom incomplete dietary intake data were collected by the interviewers, twenty-one caregivers were not breast-feeding their children (eleven in HS and ten in PHS) and nine caregivers were unable to provide a reliable estimate for their child's age (three in HS and six in PHS). The LAZ, WAZ and WLZ of excluded observations were not statistically different from the rest of the observations in both seasons. Almost all primary caregivers (≥96 %) were biological mothers.
PHS mothers/caregivers were slightly older (26·6 (SD 4·4) v. 26·0 (SD 5·7) years) compared with the HS sample, while there were more male children (57 % v. 48 %) in the PHS sample. Infants from the PHS were on average older (9·7 (SD 1·6) v. 8·6 (SD 1·8) months), had a lower mean LAZ and reported more diarrhoeal episodes compared with the HS sample. The majority of the mothers/caregivers in both seasons never attended formal education (Table 1) . Continued breast-feeding was reported in all infants included in the present analysis, with no difference between seasons. However, most of them were started with additional foods or drinks earlier than the recommended time (6 months of age). The median duration of exclusive breastfeeding was 4·0 (interquartile range 3·0-4·0) months and 4·0 (interquartile range 3·0-6·0) months in HS and PHS, respectively. Of the infants, 88 % and 67 % (P < 0·05) were introduced to complementary foods before 6 months during HS and PHS, respectively.
The mean DDS was 2·1 (SD 0·94) and 2·3 (SD 1·1) in HS and PHS respectively. Only 8 % and 13 % of the infants were taking four or more food groups; while 69 % and 63 % of infants were taking two or fewer food groups in the previous day of the interview in HS and PHS, respectively. There was no difference in the recorded DDS between both seasons (P = 0·09). The mean MMDA was 0·59 (SD 0·15) and 0·61 (SD 0·13) during HS and PHS, respectively. The relatively low mean MMDA in both seasons is indicative of low micronutrient nutrient density of the complementary foods given to infants. The overall MMDA was significantly lower during the HS (P = 0·02). However, after adjusting for infant age this difference was not significant (Table 1) .
We found important differences in energy and micronutrient intakes between seasons. After adjusting for some sample characteristics which were statistically different between the two seasons, energy, protein, riboflavin, vitamin C and absorbed Ca intakes were larger during the PHS than HS (Table 2 ). In contrast, we found that thiamin intake was lower during the PHS compared with HS. The median intakes of vitamin A, Fe and Zn were lower than what are recommended from complementary foods, but the energy and protein contributions from complementary foods were higher than the desired values (see online supplementary material, Supplemental Table 1) .
Consumption of different food groups varied with DDS. Staples like cereals, tubers and roots were consumed most frequently in both seasons without a lot of discriminatory value between children. Beyond this food group, the DDS increased primarily through the consumption of legumes and dairy (Table 3 ). The majority of the infants consumed IQR, interquartile range; LAZ, length-for-age Z-score; WLZ, weight-for-length Z-score; WAZ, weight-for-age Z-score; EBF, exclusive breast-feeding; DDS, dietary diversity score; MMDA, mean micronutrient density adequacy. †Diarrhoea, cough, fever in the previous 2 weeks before the surveys. ‡Two-sample Wilcoxon rank-sum (Mann-Whitney) test was used to calculate the P value. §Frequency of consumption of solid/semi-solid or soft food.
vitamin A-rich fruits and vegetables, and other fruits and vegetables if their DDS was 3 or higher. Flesh foods including fish were the least consumed by the study children. Further analysis was performed to explain which food groups were responsible for the differences observed in individual nutrient intakes between the two seasons. Dairy was the main source of Ca (130·6 mg/d in HS and 167·7 mg/d in the PHS) in both seasons followed by eggs, other fruits and vegetables, and legumes; while vitamin A-rich fruits and vegetables, and other fruits and vegetables were important contributors of vitamin C intake in both seasons (see online supplementary material, Supplemental Table 2 ).
In multiple linear regression analysis, we found a significant and positive association between DDS and MMDA irrespective of season after adjusting for important confounders. For an additional increase in DDS by one unit there was an increase in MMDA by 4·5 % and 4·4 % in HS and PHS, respectively (Table 4) .
A receiver-operating characteristic curve analysis was performed using the MMDA < 50 % and MMDA ≥ 75 % cut-offs in both seasons. We found AUC values of 0·64 (95 % CI 0·60, 0·67) and 0·76 (95 % CI 0·80, 0·75) for MMDA < 50 % in HS and PHS, respectively. The AUC values for the MMDA ≥ 75 % cut-off were 0·67 (95 % CI 0·53, 0·81) and 0·58 (95 % CI 0·47, 0·69) in HS and PHS, respectively. All AUC values were significantly higher than a null value of 0·50 for MMDA < 50 % but not for MMDA ≥ 75 % in PHS.
After performing a sensitivity and specificity analysis for the two MMDA cut-offs, we found that a DDS of ≤2 food groups performed best in predicting 'low' MMDA, with 
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84 % and 92 % sensitivity, 36 % and 43 % specificity, and 47 % and 51 % correct classification in HS and PHS, respectively. The prediction of DDS for 'low' MMDA remained valid when the analysis was disaggregated by age groups in both seasons (Fig. 1) . A DDS of ≥3 produced a trade-off between sensitivity and specificity values to predict 'higher' MMDA with relatively low misclassification; but the sensitivity values were rather small (32 % in HS and 24 % in PHS). Age-adjusted receiveroperating characteristic curve analysis was performed to predict 'higher' MMDA, but we could not find an acceptable trade-off between sensitivity and specificity in both seasons as a very small proportion of the infants (6·4 % in HS and 8·6 % in PHS) achieved MMDA ≥ 75 %.
Discussion
The present study showed that a DDS calculated from seven food groups is able to predict diet quality expressed in terms of micronutrient density adequacy in breast-fed infants, and that seasonality did not alter this relationship, notwithstanding the significant difference in intakes of most the nutrients between seasons.
The regression analysis showed a significant association between DDS and MMDA in both seasons. After adjusting for maternal, socio-economic and child factors, there was no major attenuation of the regression coefficients. A positive association between DDS and dietary quality, albeit expressed by different indicators or scores, among breast-fed and non-breast-fed children was demonstrated previously by other authors with different correlation coefficients (10, 12, 13, 36) . However, most such studies were conducted during a specific season, which hampers external validity. Other studies pooled data over different seasons but did not present data on seasonal confounding (10, 11, 37) . There was a relatively higher mean nutrient intake per food group consumed for most of the nutrients in the PHS compared with HS. However, no difference in DDS and age-adjusted MMDA was noted between the two seasons. On the other hand, some food groups like flesh foods and dairy were consumed less frequently during the PHS. , reference category. *P < 0·05, **P < 0·01, ***P < 0·001. †Adjustments were made for socio-economic index, child age, maternal age, maternal schooling, diarrhoea, cough, fever, sex and height-for-age Z-score. Variables for which an association was found for at least one season are tabulated. , SpHS (specificity in the harvest season);
, SePHS (sensitivity in the preharvest season);
, SpPHS (specificity in the pre-harvest season). Sensitivity indicates the percentage of children having 'low' MMDA who are identified as such by DDS; specificity indicates the percentage of children who are above the cut-off for 'low' MMDA and are correctly identified as such by DDS These two observations suggest that the relatively higher overall nutrient intake during the PHS was mainly the consequence of larger average portion sizes and/or a higher intra-day frequency of food group consumption. Cereals, tubers and roots were the most commonly consumed foods in both seasons in the present study. Similar observations were made in other developing countries (10, 12) . However, there was inconsistency regarding the consumption pattern of other food groups in relation to DDS in the present study, in which dairy and flesh foods were relatively more consumed in the HS.
The mean MMDA for our study sample was suboptimal, indicating inadequate intake of one or more micronutrients. In a similar analysis in the same age group in Madagascar (10) , most of the nutrients were taken in amounts less than desired. Another study conducted during the PHS in southern Ethiopia demonstrated that all nutrients measured were significantly lower than the 'estimated need' calculated (5) even if comparable reference values were used to calculate the 'estimated need' adjusted for age and body weight. The dietary reference intake value for Ca used in our study was based on an adequate intake (31) which is lower than the WHO (28) and FAO/WHO/United Nations University (38) reference values used in the study in southern Ethiopia. Furthermore, the significant gap between actual intake and desired/estimated need could be due to a relatively high prevalence of chronic food insecurity in that part of south Ethiopia compared with our study area (39) . Overall, the density approach of MMDA allows to adjust for the unknown breast milk intake assuming a balance between energy intake from both complementary foods and breast milk, and assuming average breast milk intake levels as proposed by WHO (28) . Consequently, if actual breast milk intake is less than the proposed average, calculations show a higher mean desired nutrient density and desired intake, which implies lower MMDA and higher deficits between desired and actual intakes of energy and nutrients.
We did not find important differences in MMDA and DDS, between PHS and HS. Conversely, with the exception of vitamin A and thiamin, energy and nutrient intakes were generally higher during the PHS compared with the HS. This finding was rather unexpected as previous studies suggest that the PHS is characterized by a relatively higher level of household food insecurity (40) , the latter being expected to be associated with more suboptimal energy and nutrient intakes. However, we found that the number of meals given to the average child was similar during PHS and HS. As we did not collect household food insecurity indicators, it remains unclear if either our study area is not suffering from previously reported fluctuations in food insecurity, or if household food insecurity during the PHS does not trickle down to the child's energy and nutrient intakes.
In the present study, a DDS ≤2 food groups was a better predictor of 'low' micronutrient density adequacy. This finding is in good agreement with a previous analysis from a ten-country study (37) and was subsequently proposed by others (10) . Increasing the cut-off of DDS increased sensitivity at the expense of specificity, and higher percentage misclassification. In a country like Ethiopia with high rates of micronutrient malnutrition, the trade-off for higher sensitivity could be more important in order to screen children at risk of micronutrient deficiencies and include them in nutrition intervention programmes, such as targeted supplementation or promotion of appropriate infant and young child feeding. However, with limited preventive nutrition programmes, one should not compromise specificity as more sensitivity implies more false positives. Hence, the trade-off between sensitivity and specificity depends on the desired purpose of the DDS. Based on a series of analyses of data sets from developing countries, WHO developed indicators for assessment of infant and young child feeding practices in which consumption of four or more food groups was considered to be associated with a good-quality diet (17) . Nevertheless, the utility of DDS to classify children with 'higher' intake was not ascertained in our analysis. This was mainly due to the observation that only 2 % and none of the infants aged 6-8 months had achieved MMDA ≥ 75 % in HS and PHS, respectively. The overall proportions of study infants who were correctly classified with 'low' or 'higher' intake by DDS were also relatively low compared with previous analyses (10, 37) in which larger samples were used to validate DDS with 1 g and 10 g minimum limits.
The current study has a number of strengths and limitations to consider. In the evaluation of the performance of DDS as an indicator of child dietary quality expressed in terms of MMDA, we ran regression analyses by taking into account all measured covariates. In contrast to previous studies, our study also used two 24 h dietary recalls to collect data on quantitative nutrient intake. This offers a better estimation of the usual intake distribution at the population level. We were limited to compile MMDA based on data availability for only eight micronutrients in Ethiopia. However, most of the micronutrients of public health importance were included. We did not estimate individual breast milk intake, but rather we used the age-adjusted mean intake as proposed by the WHO guideline (28) . For that reason, we opted to convert the intakes into MDA values that are inversely associated with the energy contribution from breast milk.
Conclusions
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